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FOREWORD 

This Indian Standard ( Part 3 ) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Instrument Transformers Sectional Committee had been approved by the 
Electrotechnical Division Council. 

Thrs standard was first published in 1*^64 and revised in 1981. This revision has been undertaken 
to bring it in line with the latest developments at the international level. 

Indian Standards on current transform.ers have been published in four parts: 
Part 1 General requirements 
Part 2 Measuring current transformers 
Part 3 Protective current transformers 
Part 4 Protective current transformers for special purpose applications 

For obtaining an efficient protection, it is necessary that the protective current transformers should 
maintain the accuracy up to several times the rated current. The requirements of protective current 
transformers differ from measuring current transformers mainly in this respect. 

This specification applies to protective current trasformers intended for use in non-balaced protective 
equipment, for example, for the operation of overcurrent devices both of the non-directional types 
and the protective current transformrrs used for the operation of earth-fault devices with time lag 
characteristics. When the operation of the protective equipment is more precisely dependent upon 
the magnitude and phase relationship of voltage and current, for example, earth-fault protection in 
resonant earthed networks, or upon the balance of current, for example, instantaneous earth-fault 
protection and diiferential protection, the current transformers may require characteristics other 
than those prescribed in this specification. In such case, the designer of the protective system should 
specify the additionii requirements that may be necessary. 

In the preparation of this standard, assistance has been derived from the following: 

lEC Pub 185 (1987) Current Transformers, published by International Electrotechnical 
Commission. 

BS 3938 : 1973 Specification for Current Transformers with latest amendments; published by 
British Standards institution. 

For the purpose of deciding whether a particular requirement of this standard is complied with the 
final value, observed or ^calculated, expressing the result of a test or analysis, shall be rounded oif 
in occordance with IS 2 : 1960 'Rules for rounding off numerical values ( r^v/^^ci)\ The number 
of significant places retained in the rounded off value should be the same as that of the specified 
value in this standard. 
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Indian Standard 
CURRENT TRANSFORMERS - SPECIFICATION 

PART 3 PROTECTIVE CURRENT TRANSFORMERS 

( Second Revision ) 



1 SCOPE 

This standard (Part 3) gives the specific requirements 
'And tests for protective current transformers used 
with electrical protective devices (relays/trip coils). 
It also covers the protective cores of mulli-coie 
current transformers. 

2 TERMINOLOGY 

2.0 For the purpose of this standard, the following 
definitions shall apply in addition to those covered in 
Part 1 of this standard. 

2.1 Protective Current Transformer 

A current transformer intended to supply protective 
devices (relays/trip coils). 

2.2 Composite Error 

Under steady state conditions, the rms value of the 
difference between: 

a) the instantaneous values of the primary 
current, and 

b) the instantaneous values of the actual 
secondary current multiplied by the rated 
transformation ratio. 

The positive signs of the primary and secondary 
currents are corresponding to the convention for 
terminal markings. 

The composite error E^ is generally expressed as a 
percentage of the rms values of the primary current 
according to the formula: 



100 /~l fT ' 



dt 



where 
K 



= rated transformation ratio, 

= rms value of the primary current, 

= instantaneous value of theprimary current, 

=? instantaneous value of the secondary 
current, and 

= duration of one cycle. 



2.3 Accuracy Limit Factor 

The ratio of the rated accuracy limit primary current to 
the rated primary current. 



2.3.1 Rated Accuracy Limit Factor 

The value of the accuracy limit factor for which the 
accuracy requirements of this specification are met at 
rated burden. 

2.3.2 Rated Accuracy Limit Primary Current 

The value of the highest primary current up to which 
the transformer will comply with the specified limits 
of composite error. It is the product of the rated 
primary current and the rated accuracy limit factor. 

2.4 Secondary Limiting emf 

The product of the accuracy limit factor, the rated 
secondary current and the vectorial sum of the rated 
burden and the imf)edance of the secondary winding. 

2.5 Exciting Current 

The rms value of the current taken by the secondary 
winding of a current transformer when a sinusoidal 
voltage of rated frequency is applied to the secondary 
terminals, the primary and any other windings being 
open-circuited. 

3 ACCURACY LIMIT FACTOR 

The standard accuracy limit factors shall be 5, 10, 15, 
20 and 30. 



4 ACCURACY CLASS 

The accuracy class shall be designated by the highest 
permissible percentage composite enor at the rated 
accuracy limit primary current prescribed for the 
accuracy class concerned, followed by the letter **P" 
(meaning protection). 

4.1 Standard Accuracy Classes 

The.standard accuracy classes for protective cuncnt 
transformers shall be 5P, lOP and 15P. 

NOTE — Protective current transforiners are designaied by 
accuracy dass followed by the accuracy limit factor (for 
example 5P10). 

5 UMITS OF ERRORS 

5.1 The current error, composite error and the phase 
displacemejit at the rated frequency and with rated 
burden connected, shall not exceed the values given 
in Tabic 1. 
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Table 1 Limits of Errors 

{Clause 5A) 



Accuracy 
Class 


Current Error 

atRaled 

Primary Current 

(Percent) 


Phase Dteplactnent 

at Rated 

Primary Current 

(Minutes) 


Composite Error 

at Rated 
Accuracy Umtt 
Primary Currcrt. 

(Percent) 


(1) 


(2) 


(3) 


(4) 


5P 


tl 


±60 


5 


lOP 


t3 


— 


10 


i5P 


±5 


— 


15 


6 MARKING 









6*1 The following particulars shall be marked in 
addition to those required in Part 1 of this standard: 

Rated accuracy limit factor shall be indicated 
following the correspondii^ output and accuracy 
class (for example, 30 VA Class 5P10 or 30/ 
5P10). 

6,2 In case of current transformers required to meet 
combination of output and accuracy classes, the 
necessary information should be given. 

7 TESTS 

Accuracy test forcurrenlenorand phase displacement 
and. for composite error shall be carried out both as 
type test and routine test. 

7,1 Type Test 

7.1.1 Current Error and Phase Displacement 

Test shall be made to prove compliance with 5.1 with 
respect to the current error and phase displacement. 

7.1.2 Composite Error 

7.1.2.1 Direct test 

Compliance with the limit of composite error given 
in 5.1 shall be demonstrated by a direct test, in which 
a substantially sinusoidal current equal to the rated 
accuracy limit primary current is passed through the 
primary winding, with the secondary winding 
connected to the rated burden. The composite error 
may be determined as given in Annex A (fee A-5 
and A-6). 

NOTE — The distance of the return primary conductor from the 
current transformer shall be taken into account from the point of 
view of reproducing service conditions. 

7.1.2.2 Indirect test 

For low reactance current transformers (5ee A-9), the 
direct test given in 7.1.2.1 may be replaced by the 
following indirect lest provided that the effect of return 
conductor is negligible. 



Wilh the primary winding -open circuited, the 
secondary winding is energized at rated frequency 
by a substantially sinusoidal voltage having an rms 
value equal to the secondaiy limiting emf. The resulting 
exciting current expressed as a percentage of the rated 
secondary current multiplied by the accuracy limit 
factor shall not exceed the limit of composite error 
gven in 5.1 (see also A-7). 

NOTES 

1 In calculating the secondary limiting emf used above, the 
secondary winding impedance shall be assumed to be equal to 
the secondary winding resistance measured at room temperature 
and corrected to 75^C. 

2 In determining the composite error by the indirect method, a 
possible difference between turns ratio and rated transformation 
ratio need not be txken rnto account. 

7,1.3 For the determination of ratio error and phase 
displacement in accordance with 7.1.1, the burden 
shall have a power factor of 0.8 lagging except that 
when it is less than 5 VA, power factor of unity is 
permissible. For the determination of composite error 
in accordance with 7.1.2, the burden shall have a 
power factor between 0.8 lagging and unity at the 
discretion of the manufacturer. 

7.2 Routine Tests 

7.2.1 Current Error and Phase Displacement 
This test shall be carried out as given in 7.L1. 

7.2.2 Composite Error 

7.2.2.1 For low reactance current transformers, the 
routine test shall be as given in 7.1.2.2. 

7.2.2.2 For other current transformers, the test may 
be made by the indirect method given in 7.1.2.2. In 
such cases, a correction factor shall be applied to the 
results. This correction factor is obtained from a 
comparative test between the indirect and the direct 
methods of test and the results of such test shall be held 
available by the manufacturer. 

NOTE — The correction factor is equal to the ratio of the 
composite error obtained from the direct method {sec 7,l.il) 
and the exciting current expressed as a percentage of the rated 
secondary current mutliplied by the accuracy limit factor, as 
deiermined by the indirect method {see 7,1.2.2). 
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ANNEX A 
(Clause 7 A.2A) 

NOTES ON PROTECTIVE CURRENT TRANSFORMERS 



A-1 VECTOR DIAGRAM 

A-1.1 Considering a current transformer where the 
turns ratio (number of secondary turns to number of 
primary turns) is equal to the rated transformation 
ratio, and idealized to the extent that it contains only 
linear electric and magnetic components in itself and 
in its burden, and furtherassuminga sinusoidalpri ma ry 
current, all the currents, voltages, and fluxes will be 
sinusoidal and the performance of the current transformer 
can be described in vector diagram, such as Fig. 1. 

A-U In Fig. 1, / represents the secondary current. It 
flows through the impedance of the secondary winding 
and through the burden which determines the 
magnitude and direction of the necessary induced 
voltage£,andofthefluxwhichisprependicu]artothe 
voltage vector. This flux is maintained by the exciting 
current /^ having a magnetizing component / parallel 
to the flux, and a loss component /. parallel to the 
voltage vector. The vector sum of the secondary current 
and the exciting current (/ + I) is the vector / " 
representing the primary current divided by the turns 
ratio (numbcrof secondary turns to number of primary 
turns). 




Fig. 1 Vector Diagram of Current Transformers 

A"l*3 Thus, for a current transformer with turns ratio 
equal to the rated transformation ratio, the difference 
in the lengths of the vectors /^ and / **, related to the 
length of /**, is the current error and the angular 
difference is the phase displacement according to 3.13 
and 3,14 respectively of Part 1 of this standard. 

A-2 TURNS CORRECTION 

A-2.1 When there is a difference between the actual 
turns ratio and the rated transformation ratio the current 
transformer is said to have turns correction. 

A-2^ Turns correction may be intentional, accidental 
(for example, if the number of turns is so great that an 
accurate check is difficult) or it may be unavoidable 
(for example, if the rated transformation ratio is not 
rational, as in the case where it is a multiple of Vs^ 



A-23 In evaluating the current transformer 
performance I \ the primary current divided by the 
rated transformation ratio, and / '*, the primary current 
divided by the turns ratio has to be distinguished. 
Absence of turns correction means / ' is equal to / ". 

A'2A If intentional turns correction is present, we 
have/ *lessthan/ "and since it is/ *' that goes into the 
vector diagram and / ' is used for the determination of 
the ratio error, it is seen that turns correction will 
have an influence on the ratio error (and may be 
deliberately used with that purpose). However, the 
vectors/ * and/ "have the same direction so thai turns 
conection has no influence on phase displacement. 
It is also apparent that turns correction has only a 
partial influence on composite error. 

A-3 ERROR TRIANGLE 

A»3J In Fig. 2, the upper part of Fig. 1 is redrawn to 
a larger scale and under further assumption that the 
phase displacement is so small that for practical 
purposes the two vectors, / and / " may be considered 
paiallei. Assuming again that there is no turns correction, 
it may be seen by projecting/^ on to/ " that with a good 
approximation, the in-phase component of /^ (A/) 
instead of the arithmetic difference between / " and / 
may be used when the ratio error is to be found, and 
likewise the quadrature component of /^ (A/ ) may be 
used to express the phase displacement. 




Fig. 2 Error TkiANCHX of Current 
Transformers 

A-3«2 It is further seen that under the given 
assumptions the exciting current /^ divided by / " is 
equal to the composite error according to 2.2. Tnus, 
for a current transformer without turns correction 
and under conditions where a vector representation 
is justifiable, the ratio error, the phase displace- 
ment, and the composite error form a right-angled 
triangle. 

A-33 In this triangle, the hypotenuse representing the 
composite error is proportional to the magnitude of the 
total burden impedance consisting of burden and 
secondary winding, while the division between 
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current ratio and phase displacement depends upon 
the power factors of the total burden impedance and 
of the exciting current. Zero phase displacement will 
result when these two power factors are equal, that is 
when / and /^ are in phase. 

A-4 COMPOSITE ERROR 

A-4.1 The most important application, however, of 
the concept of composite error is under conditions 
where a vector representation cannot be justified 
because non-linear conditions introduce higher 
harmonics in the exciting current and in the secondary 
current {see Fig. 3). 

It is for this reason that the composite error is 
defined as in 2,2 and not in the far simpler way as the 
vector sum of ratio error and phase displacement as 
shown in Fig. 2, 

rp 




CoNCEFf OF Composite Error 



A-4,2 Thus, in the general case, the composite error 
also represents the deviations from the ideal current 
transformer that are caused by the presence, in the 
secondary winding, of higher harmonics which do 
not exist in the primary. The primary cunent is 
always ccKisidered sinusoidal for the purpose of this 
standard. 

A-5 DIRECT TEST FOR COMPOSITE ERROR 

A-5.1 A current transformer having a turns ratio 1:1 
is shown in Fig. 4. It is connected to a source of 

PI SI 



O^ 





o 



primary (sinusoidal) current, a secondary burden with 
linear characteristics, and to an ammeter in such a 
manner that both the primary and the secondary 
current pass through the ammeter, but in opposite 
directions. In this manner the resultant current 
through the ammeter will be equal to the exciting 
current under the prevailing conditioas of sinusoidal 
primary current and the rms value of that current, 
related to the nns value of the primary current, is the 
composite error according to the definition in 2.2. 

A-5.2 Figure 4, therefore, represents the basic circuit 
for the direct measurement of composite error. 

A-5.3 Two current transformers having the same 
rated transformation ratio are shown in Fig. 5. The 
current transformer marked N is assumed to have 
no (or negligible) composite error under the 
prevailing conditions (minimum burden), while the 
other current transformer marked X is connected to its 
rated burden. 

They are both fed from the same source of primary 
sinusoidal current and an ammeter is connected to 
measure the difference between the two secondaiy 
currents. Under these conditions the rms value of the 
current through the ammeter A^s related to the rms 
value of the primary current in ammeter A^, is the 
composite error of the transfornierX 

NOTC — TheammctcrAjin Fig. 5 should have an impedance of 
not more than 0.1 ohm for a 5-ampere current transformer, a..d 
not more than 2.5 ohms for a l-amperecurrent transformer. This 
is to ensure that there is minimum effect of the ammeter on the 
actuaj composite error of the current transformer under lest. 




Fig. 5 Measurement, of Composite Error with the 
USE OF AN Auxiliary Current Transformer 

A-5.3.1 The measurement is further simplified if a 
ratio meter is used as shown in Fig. 6. This ratio meter 




Fig. 4 Basic Circuit for the Direct Measurement 
of CoMPOsrrE Error 



Fig. 6 Use of Ratio Meter for the Measurement 
OF Composite Error 



reads directly the ratio of the rms spill current and nns 
primary current. 

A-5.4 Figure 5, therefore, represents the practical 
circuit for the direct measurement of the composite 
error for current transformers having rated 
transformation ratios differing from unity. For the use 
of this method, il is, however, necessary that (he 
composite errorof transformer N is truly negligible, l! 
is not sufficient that the transformer N has a known 
composite error, for it is not possible to correct the 
results accordingly. The reason for this is that while the 
composite error is expressed simply by a numerical 
value, it is in fact of a highly complicated nature. 

A-6 ALTERNATIVE METHOD FOR Till: 
DIRECT MEASUREMENT OF COMPOSITE 
ERROR 

A-6.1 Composite errorof current transformers may be 
measured by an alternative method as shown in Fig. 7. 
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Fig. 7 ALTHRNAnvE Mftiiod fok im-; Dirfct 

MFASlTiEMKNT OF CoMPOSlIi: ErROR 

A-6.2 While the method described for the 
measurement of composite error for current 
transformer in Fig. 5 requires a special reference 
current transformer N of the same rated 
transformation ratio as the transformer A' and having 
negligible composite error at the accuracy limit 
primary current, the alternative method as shown in 
Fig. 7 enables standard reference current transformer 
N and N' to be used at or about their rated primary 
currents. It is still essential, however, that these 
reference transformers should have negligible 
compsite error. 

A-6J In Fig. 7, X is the current transformer under 
test, N is a standard reference transformer with a 
rated primary current of the same order of magnitude 
as the rated accuracy limit primary current of current 
transformer Xy and ^ is a standard reference 
transformer having a rated primary current of the 
order of miagnitude of the secondary current 
corresponding to the rated accuracy limit primary 
cunent of transformer A". It should be noted that the 
transformer N* constitutes a part of the burden Z^ of 
transformer A and must, therefore, be taken into account 
in determining the value of the burden Z^. A^ and A^ 
are two ammeters and care should be taxen that A, 
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measures the difference between the secondary 
currents of transformer A^ and A^'. 

A-6.4 If the rated transformation ratio of transformer 
A^ is /C/f, of transformer A is /C/urand of transformer^ 
is A''rtlhe ratio /C/i should equal the product o(k'n and 
Knx, that is Kn = K'n. Knx. 

A-6JS Under these conditions the rms value of the 
current inammetery4„ related to the current inammeter 
A^, is the composite error of transformer A'. 

A-6.6 While using the methods shown in Fig. 5 and 7, 
great care should be taken to use a lower impedance 
instrument for ammeter A,, since the voltage across 
this anmieter (divided by the ratio of Ira nsfonnation of 
N' in the case of Fig. 7) constitutes part of the burden 
voltage of transformer X and tends to reduce the 
burden on this transformer. Similariy, this ammeter 
voltage increases the burden on transformer^. 

A-6,7 In order to carry out the test as described in any 
of the direct methods, the primary winding may be 
required to carry a high current for the duration of the 
test. This may cause damage or destruction of the 
winding or the adjacent insulation. If the effect of the 
return primary conductor is negligible, the test may be 
carried out on a prototy}>e in which : 

a) the accuracy limit primary ampere turns are 
the same; 

b) the geometrical arrangement of the primary 
with respect to the cores and secondary wind- 
ings is the same; 

c) the magnetic materials and the secondary wind- 
ings are identical; and 

d) the insulation may be reduced and/orchangcd. 
A-7 INDIRECT TEST FOR COMPOSITE ERROR 

A-7.1 Under the conditions of Fig. 4. where the primary 
current is sinusoidal, the direct measurement of the 
composite error is in practice equivalent to measuring 
the exciting current under these conditions. In 
particular, it should be noted that the secondary 
voltage is not sinusoidal. 

A-7.2 The definition of exciting current according 
to 2.5 however, presumes a sinusoidal secondary 
voltage. 

A-7.3 It has been shown that under certain conditions 
(as mentioned in A-9) the rms value of these two 
kinds of exciting currents are almost alike, and 
consequently the indirect test for the determination of 
composite error is acceptable. The applied voltage 
should preferably be measured by a rectifier- 
operated moving coil voltmeter indicating 1.11 times 
the mean value and the exciting current should be 
measured by an instrument for measuring rms values. 

A-7.4 In those cases where these symmetrical 
conditons are not fulfilled, there exists, nevertheless, a 
relation between the results obtained by the two methods 
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of detennining the composite error. Once this relation 
has been established for a certain type of transformer 
(preferably with no turns correction) for a given 
burden, and for a given accuracy limit factor, then this 
relation may be used in the routine determination of 
the composite error by the indirect method as 
mentioned in 7.2 J.2. 

A'8 USE OF COMPOSITE ERROR 

A-8.1 The numerical value of the composite enor will 
always be larger than the vector sum of ratio error 
and the phase displacement. The composite error 
consequently is always a true expression for the 
maximum value of ratio error or phase displacement. 
When the power factor of the total load is known, the 
error triangle may be used for an estimate of the 
ratio error (of particular interest, for example overload 
relays), and of the fAase displacement (of particular 
interest for phase-sensitive relays, for example, 
directional relays). For differential relays, the sum of 
the composite errors of the current transformers 
involved is always a conservative estimate of the 
maximum error. 

A«8JS For burdens between 50 percent and 100 
percent of the rated burden, it is usually conservative 
to estimate the composite error proportionally lower, 
but no estimate can be made for greater burdens. 

A^3 An additional advantage of a limitation of 
composite error is the resulting limitation of the 
harmonic content of the secondary current which is 
necessary for the correct operation of certajn types of 
relays. 

A.9 DETERMINATION OF LOW REACTANCE 
TYPE CURRENT TRANSFORMER 

A-9.1 Protective Current Transformers may be 
established to be of low reactance in any of the ways 
described below. 



A-9.1.1 All current transformers are of low reactance 
if: 

a) The core is of the jointless ringtype (including 
spirally wound cores); 

b) The secondary turns are substantially evenly 
distributed along the whole length of the 
magnetic circuit; 

c) The primary conduclor(s) passes through the 
approximate centre of the core aperture or is 
approximately evenly distributed along the 
whole length of the magnetic circuit. 

d) Flux equalizing windings, where employed to 
meet the requirements of design, consist of at 
least four parallel connected coik, evenly 
distributed along with whole length of the 
magnetic circuit, each coil occupying one 
quadrant. 

Such an arrangement ensure substantially even flux 
distribution within the core irrespective of the presence 
of stray flux which may result from such conditions as 
the close proximity of the return primary conductor. 

A*9.1^ Alternatively, any current transformer may 
be shown to be of low reactance by a type test 
comprising the determination of the composite error 
of the current transformer by the direct test and 
comparing it to the composite error determined by 
the indirect test. If the composite error obtained by 
the direct test is less than 1.3 times the error obtained 
by the indirect test, the current transformer shall be 
accepted as of low reactance. However, since in the 
case of Class PS current transformeis (see Part 4) 
which must be of low reactance, there is no rated 
burden and accuracy limit current, the burden and 
primary current for the direct test, and the voltage to be 
applied to the secondary winding for the indirect test, 
should be agreed between the manufacturer and the 
purchaser. 
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